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The muskrat is the most important fur-bearing animal in the 
United States. The Atlantic Coast, with its extensive tidal marshes, 
is one of the most important muskrat producing areas. The Virginia 
muskrat (Ondatra zibetlzica macrodon), which is considered in this 
report, occurs on the coast from the upper Delaware Bay to central 
North Corolina. Within this region, the State of fi4arylan'd provides 
180,000 acres of tidal marsh, of which 77,500 acres occur in Dorchester 
County on the Eastern Shore of Maryland. Maryland has produced in 
some years well over a million pelts per year, over a fourth of which 
have come from Dorchester County. 
The muskrat in Maryland and elsewhere along the Atlantic Coast 
has decreased in numbers to an alarming extent since 1939. Because 
many acres of marsh land ai-e owned by individuals for the purpose of 
harvesting muskrats, this decrease is a matter of economic concern to 
the trappers and the land owners involved. It becomes necessary, 
therefore, to learn as much as possible about the muskrat in order to 
develop methods of maintaining and increasing its numbers. 
This bulletin reports, in a non-technical manner, investigations 
on the Virginia muskrat, prevalent in Marylanld, from July, 1949 to 
June, 1951. The  investigations were limited to the Blackwater Nation- 
al TYiIdlife Refuge (Fig. 1) and surrounding areas in Dorchester 
County and concern the Virginia muskrat in more or less tidal marshes 
of brackish water. The  ultimate purpose of the investigations, of which 
the present studies are a part, is to study the factors and conditions s$ 
the muskrat and its surroundings which affect its populations (abun- 
dance) . Many factors (6.g. food, predation, salinity, breeding) , some 
of which are not readily observable, act together to affect muskrats 
abundance, and important factors may be different from year to year. 
Further, facto~s may cause ldifferent reactions on the part of muskrat 
populations at ldifferent levels of abundance. Such a complex situation 
needs a number of years of study in order to evaluate different popula- 
tion levels under varying conditions imposed by the weather and by 
other factors of the habitat. 
The immediate purpose of the present investigation was (1) to 
study the repro~duction of the local or Virginia muskrat, (2) to assess 
the importance of predation to the muskrat population, and (3) to 
make a general evaluation of habitat (where the muskrat lives) factors. 
Reproduction adds new indi~i~duals to the muskrat population, 
and, thereibre, it is a primary factor in studies of abundance. A 
consideration of placental scars (s,ee page 18) has proved to be a valuable 
general technique. This technique has given something of the amount 
and extent of reproduction. Together with an analysis of the popula- 
tion into young and adult muskrats, it gives an idea of reproductive 
success. Sex ratios are important in reproduction. A low proportion 

of females limits the number sf young produced. ,4 low proportion 
of males may give the same result, for many of the females may not be 
bred. The  weights of the muskrats will help to evaluate the relations 
between the muskrat and its habitat. 
Predation by raccoons (Procygn lotor) is chief among the causes 
advanced for the muskrat decline in this region. For this reason, the 
raccoon-muskrat relationships were investigated. In order to know the 
effect of raccoons on the muskrat population, it  must be possible to 
measure the numbeers of raccoons and muskrats. Such studies would 
require a number of years $to complete. Predation is a natural occur- 
rence and has a fundamental place in nature's plan. Tt may ever, 
benefit the muskrat population by removing diseased and crippled 
animals and surplus animals above the number which the habitat can 
support. Biologists have no evidence of predators destroying a prey 
population over an extended ayea. 
Although the study here reported has not solved the problems of 
the muskrat decline and methods of increasing the numbers of musk- 
rats, it has given more information on muskrat reproduction and on the 
effect of preciators 'on muskrats. It has, in a general way, evaluated 
somc habitat conditions and has provided a basis for future work. 
Many muskrat studies have been made throughout #the United St'ates, 
and the fact that these studies are still being made shows that much is 
yet to be learned about the muskrat's relation lto its surroundings. 
W-ildlife studies are nost un,like studies s f  humans in c~m~plexity. For 
example, much money and ti'me of many individuals have been 
spent in studytng cancer. Progess has been mafde, but cancer cannot 
yet be prevented nor can it always be cured. 
This study also has pointed to several problems in carrying out 
muskrat investigations in Ma~yland. 
(1) Time is required to learn how yearly variations of weather 
and marsh affect both low and high populations of muskrats, and how 
the populations of muskrats affect the marsh. For example, records of 
water level and salinity of the Walter have been taken on the marsh in 
the present investigation. These records s f  factors important to the 
muskrat are of little value unless they are continued over many years 
so that they can be correlated with muskrat abundance. 
(2) Limited ,personnel 'decreased the scope of the present investi- 
gation. One investigator can study in a ldetailed way only a limited 
portion of the muskrat's relationship to its surroundings. He must 
clevelop a means of securing data on a particular muskrat relationship. 
He must collect data, analyze them to determine effects on lthe muskrat, 
and he must then prepare reports. 
(3) Supporting studies of the muskrat, here considered, in nearby 
states are few and do not help in limiting the scope of the Maryland 
investigations. Studies of the common muskrat of Eastern United 
States (which is present in Western Maryland) are only generally ap- 
plicable to our form since the two are different kinds (subspecies) 
of muskrats and live in different habitats. Observations show that the 
Virginia muskrat is the more nocturnal (active at night) animal. It 
is more wary and hardcr to study than the common muskrat. T h e  
extensive and 'densely vegetated marshes, which pro~ride a home for 
the muskrat in Maryland, are not commonly found in inland areas of 
the United States. 
(4) Techniques available for thc study of the common muskrat 
do not always suffice for study of the local, (i.e., Virginia muskrat) 
because of their different habitats and shyness. The  use of techniques 
is important in obtairiing soun'd information. As yet we have no good 
techniques for learning the numbers of muskrats, {raccoons, or foxes 
o n  a given marsh in this area. The  number of muskrats trapped on a 
marsh is determined by (a) weather, (b) economic needs of the trap- 
per, (c) (the trapper's skill, (d) the price of pelts, as well as by 
(e) !the abundance of the muskrat. But records of muskrat catches, 
accurately kept over long periods, together with information on 
trapping conditions, number of trapa used and number of trappers, 
may be va1uabl.e guides in rrluskrat investigations. 
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THE RL,ACKWATEK MARSI-i@Y 
The  extcnsi>c rrluskrat ~rtarslics 01 Jlolchestcr County lie alotrg 
ihe Cl~csapcake Say and its tlibutaries. Or1 hie 12lack~ atcr nlal sires 
(Fig. 2) , Ip  irlg on the rrppcx par t ol  tllc Big Bllat kwater Kiber and oil t l ~  
lower part of tile Little Blackwater Kicrr, thc tides arc very iiregular, 
bring rnoctifietl largcly by the wind. Periotl, of high low ticlei 
rrizry la\t tor scbclal days to  a week 01 longel. Gcr~cxrally the water 
lcvel on the rnarshcs avvr agcs higher di~ring the  surnrnclr than during 
the wlntvr. f i e  water of thi. marslr i s  blackish, varyi~rg, during I-he 
periotl of study, ironl two p c ~  cent t o  4270 of alerage sea salinim~y. '1 hc 
water leiel oir t h e  xnarhri is la~gely in l l~~enced  by thc irregular titles 
ant1 by tlrair~age from higher land, 
F'ig. 2.  View of" tl.1~ Rlackwat,er. Refuge Marshes. 
liclati\cly i cw sl~ccies o l  planis t11a1 ~ L C C I  ile rile -~cgctaiiorl o f  1 he  
U lack~~ l t e r  111ar shes. 'l'lle clialat let ts~ic  specie5 is the tluee squarc. 
serlge, ,\'crikzcs Olrlrpz (Fig. 9) , which ot curs in stat~tl+ 01 varylrrg den 
sit) o~ ex rrlost oL the a t  ea. T l l i ~  plant lorrr~s tllc main Loorl ol t l l c ,  musk 
r a[. Cattail, T ~ > b l r t r  r])., j s  anotlrel food plant of [he muskrat, b l ~ t  it i s  
not al,uritl;lrit o r 1  tlrc Klat k~vatcl ~rl;lrshes, lorlnitrg cxtcnsi\c s r ~ t ~ t l ?  on 
ouly a few aleas. 
I Inch saltgrassc,a, S,bcrrlztr(r $ I N I P ? I (  and  L ) I S / ~ ( ~ / ? \  \ ] ? z ( N L ( ~ ,  101111 a 
/one of vegetation next to the Iliyhcl Xanrl. ancl with 5nlttrl:~u i h  col t i -  
gl asc;, '1])(0tzt?n al/c:rnz[lo~n, occur5 irr  patches alor~g ~ I I C  two Y ~ c i . ~  \ 
(Fiq. 1) . Saltm,~rsh tortl-glass (Fig. 5) , iogcihcr 1111 tllc two sa l t -  
P'ip. 3. A Good Star~d  of Three-Square Sedge on t,ke Rlac.kwater KeEugr, 
F I ~ .  4. Zonr of Saltgrasses, Spcertir~a pafews  and Diatiehlis spzcr~tu. along 
t h e  Rig Blackwater River. 
Fig. 5. A Stand of the Saltmarsh cordgrass, Spart ina ulterniflora. 
grasses, form starids over large areas in the more saline marshes closer 
ro tllr: bay. With these grasses are stan,ds of needle-$1-ass, Juncus 
Roen~erzanus. These plants do  not provide good food for the muskrat, 
and this type of marsh supports low muskrat po~pulations. 
SOME IH-ITS OF THE VIRGINIA MUSKRAT 
The general habits of the muskrat here under study are well 
known, but certain habits, which make i t  more difficult to study than 
the cornman muskrat elsewhere, are of interest. 
Muskrat houses, built in the fall for winter use, (Figs. 6 and 7 ) ,  
seem to be mostly deserted by the end of spring. During the summer 
and early fall, the muskrats seenn to live in temporary, small structures 
(Fig. 8) or apparently in the open. Smith (1938) found three musk- 
rats sleeping isn open nests on the marsh. Two that were examined by 
him appeared to be diseased and injured. Trappers assured him that 
these open nests are always occupied by crippled o r  sick animals. The  
writer has frequently found these open nests or "forms" in tufts ol 
three-square (Eig. 9) .  Only one of those found contained a sleeping 
muskrat whish dashed away with the speed and manner of a healthy 
animal when disturbed. The  writer has repeatedly found signs of 
muskrat activity hundreds of feet from any muskrat structure, and 
it appears that some muskrats, lor a time at  least, must live in the 
opon. Such habits of a part of the population sender the muskrat hard 
to study during the summer* 
Fig. 6. A Winter Muskrat Ho~xse on the Blackwater Refuge. 
Fig. 7. An Exceptionally large winter Muskrat House. Litters of Young 
Muskrats are not usually found in Winter Houses. 
10 
Fig. 8. A Summer Muskrat Shelter. These and Similar S t ruc tn r~s  are 
usually built to protect young muskrats. 
Fig. 9. Muskrat "form" in a Tuft of Three-Square Sedge. The object 
in the "formM is a mouse trap. 
Our nluskrat leaves little signs to attest to its activity during the hot 
surnmei monhs. This also is true of the Louisiana muskrat (Svihla an 
Svihla, 1931). In  the marsh, occasional, scattered spots where muskrats 
have fed (Fig. l o ) ,  and fleshly built .or recently repaired houses arc 
about the only evidence of their plesence. Refuge personnel destroyed 
the muskrat houses on the No. 1 study area (Fig. 1, "I") just after rhe 
trapping season of 1949. During August of the same year, less than 10 
nluskrat structures, mostly of the summer type, were present on the 
area together with a little scattered sign of muskrat activity, yet in 
the latc fall, 32 active houses were located. 
Pig. 10. Muskrat feeding platflorm with remains of mussel shells. 
T h c  local muskrat appears, from this investigation, to be more 
shy and wary than the common muskrat. T h e  last named muskrat has 
been live-trapped successfully for movement studies in a number of 
states. I n  Iowa, the young have been removed from houses and handled 
daily with little detrimental effcct (Errington, 1939), although recent 
atudies in Wisconsin suggest high mortality after handling. A 
~ t u d y  of the food habits of the common muskrat has been macle in 
Pennsylvania (Grimm, 1941). In Maryland, thc muskrat seems to be 
much more strictly nocturnal than the common muskrat (Dozier, 
1948). It is larely observcd on the marsh during the daytime. In open- 
ing "occupied" muskrat houses, the writer has rarely seen ally indica- 
tion of adult muskrats leaving the houses. Nestling muskrats located 
in houses were never found at the second visit. I n  this investigation, a 
muskrat has nevei been caught with Rockefeller live traps, despite the 
use of bait, scent, and camouflage. The Gibbs live-t'rap, developed in 
Dorchester County, has been successful in trapping muskrats, but a 
Parge percentage of them die quickly in the trap. Both this and the 
family live-trap require special conditions for setting and are not 
suitable for live-trapping studies on the marshes investigated. In 
Louisiana, many kinds of live-traps were used, but it was found more 
pi-actical to catch muskrats by stopping runs and breaking houses 
(07Neil, 1949) . 
MUSKRAT POPCTLATIONS 
The extent of the decrease in the muskrat population, since 1939, 
may be illusti-ated by trapping records from a few marshes. The  
number of muskrats trapped on a marsh from year #to year, for reasons 
wiven in the introduction, may not reflect the actual muskrat popula- 
a. 
tion. However, trapping records will give an adequate index of the 
large,- fluctuations in population level, such as those which have 
occurred in Maryland. 
The catch on approximately 600 acres of three-square marsh 
bordering the Nanticoke River, given in Tiable I from the owner's 
records, reveals an almost continuous drop in the muskrat population 
afster 1943. During '1950, an inexperienced trapper was employed. 
The  marsh was not trapped in 1951. The owner beleives the marsh 
could 'have yielded from 400 to 500 muskrats per year during those two 
years. 
TABLE 1 
MUSKRAT CATCH ON APPROXIMATELY 600 ACRES OF MARSH ON THE 
NANTICOKE RIVER, DORCHESTER COUNTY, MARYLAND. 
Catch 
Year %tuE Catch Per Acre 
1937 2417 4.0 
1938 8875 3.1 
1939 2531 4.2 
1940 2283 3.8 
1941 2065 3.4 
1942 2228 3.7 
1943 2060 3.4 
1944 1370 2.3 
1945 1314 2.2 
1946 * 1010 1.7 
1947 42 5 0.7 
1948 853 1.4 
1949 503 0.8 
1950 150 0.2 
* Marsh frozen much of the season. 
Table 11 gives the catch on 36 acres of three-square marsh situated 
on the Little Blackwater River, north of the Blackwater Refuge 
(Fig. 1, "Ra"). The muskrat catch on this marsh has been high and 
tras varied considerably from year to year, showing no definite down- 
ward ,trend since 1940. There is no known reason why this marsh 
shows such a variable and sometimes high catch of muskrats. 
TABLE I1 
MUSKRAT CATCH ON 36 ACRES O F  MARSH (Fig. 1 "Ra") ON THE LITTLE 
BLACKWATER IVER, DORCHESTER COUNTY, MARYLAND. 
Catch 
Y e a r  To ta l  Ca tch  Per  Acre  
1940 71 6 19.9 
1941 46 1 12.8 
1942 451 12.5 
1943 267 7.4 
1944 343 9.5 
1945 500 13.9 
1946 518 14.4 
1947 254 7.1 
1948 3 83 10.6 
1949 226 6.3 
1950 194 5.4 
195% 401 11.1 
On the Blackwater National Willdlife Refuge, the yearly count of 
muskrat houses and the yearly muskrat catch both show 'the decrease 
in muskrat abundance (Dozier, '1947). Table III gives the total 
catch on the refuge (Fig. I)  and the catch per acre of trapped rnarslh 
taken largely from Dozier's table. It should be pointed out that from 
1944 to the present, mly  the units with the higher muskrat populations 
were trapped. The drop in the muskrat population on  the refuge has 
been almost continuous since 1939, and during the last five years 
trapping has been scarcely worthwhile economically. 
TABLE III 
MUSKRAT 'CATCH ON THE BLACKWATER NATIONAL WILDLIFE REFUGE, 
DORCHESTER COUNTY, MARYLAND. 
Catch 
Y e a r  To ta l  Ca tch  Per  Acre  
1933 6039 1.2 
1934 8580 1.6 
1935 9290 1.8 
1936 2 24 54 4.3 
1937 20499 3.9 
1938 26286 5.0 
1939 21876 5.2 
1940 19310 3.7 
1941 9895 1.9 
1942 6730 1.3 
1943 * 4169 0.8 
1944 " 1061 1.3 
1945 * 2268 2.7 
1346 " 1845 2.3 
1947 * 3645 1.1 
1948 * 2049 1.1 
1949 not  trapped 
1950 not trapped 
1951 * 18316 2.1 
* Only  a portion of the  ve fuge  area trapped. 
The  house count on  the Blackwater Refuge in December, 1949, 
revealed 1102 houses. the lowest number since records haye been taken. 
Unfortunately, because of the wartime emergency, the U.S. Naval Air 
Station at Lakehurst, New Jersey, could not supply a helicopter for 
counting muskrat houses on the refuge as in  the past several years. 
From a subjective survey of the marsh, i t  appeared that in the fall of 
1950 the houses on the refuge were a little more numerous than in 
1949. This was confirmed by house counts made on foot on five 
restricted areas in 1950. T h e  1950 counts were compared with 1949 
counts made on  foot and by helicopter on  the same areas. These 
suggestions of a slightly increased muskrat population in 1950-1951 
accord with reports from other marshes in the re,' uion. 
DIS'I TION OF MUSKRAT HOUSES 
ON THE MARSH 
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There seemed to be relatively fewer muskrat houses in the center 
of the Blackwater marshes than around their landward edges during the 
1949-1950 season. Reports of trappers confirmed this distribution 
other marshes of Dorchester Count). T h e  division of the Black- 
er Refuge since 1940 into sections or  units of inar~hland to facilitate 
sklat trapping prolicles a means of measuring this distribution of 
L..Uskrat houses. 
TABLE IV 
DISTRIBUTIOE; OF MUSKRAT HOUSES ON CENTRAL UNITS OF THE ELACI- 
NATIONAL WILDLIFE REFUGE 
Total Number Percent of Yozises 
(of houses) (Celztral Units)  
1940 11179 44.8 
1941 6560 36 7 
1942 6250 
1943 2575 
1944 2482 
1945 3055 
1946 5185 6 
1947 3481 3 
1948 1569 31 
1949 1437 31 
Some of the trapping units !ie around the edges of the marsh 
acent to high land, and others in the center of the marsh. Fifty- 
percent of the original marsh area of the refuge was included in 
i t  ma) be considered as central units. After more marshland was 
ed to the refuge in 1947, and divided into units, 52% of the total 
-sh area lay in central =nits. Table IV shows a progressive drop in  
percentage of houses in the center units from 45%, in 1940, to 24% 
-.- -945. The percentage increased a little during 1946, to 31%, when the 
total number of houses on the refuge increased ~ a i n e d  
approximately at that level through 1949. in s~ creases 
in the total annual house count. 
1 has  ren 
~rther d e ~  
Although the percentage for houses in the center of the nlarsh are 
not strictly accurate, since in some cases the edge units extend into the 
center of the marsh, they do indicate a progressive decrease in numbers 
of muskrats in the central portions of the marshes. The  growth of 
three-square sedge is not as dense in the central portions of the marsh 
as around the edge. -41~0, more and larger unvegetated areas are 
present in the center. 
REPRODUCTION OF MUSKRATS 
T h e  importance of breeding in maintaining a muskrat population 
has been mentioned. No very exact data have been published on the 
breeding of our native muskrat. A small amount ot breedin, occurs 
during most of the year since embryos may be found in muskrats trap- 
ped during January, February, and March. Smith (1938) concludes 
that most of the young are born from mid-April to mid-September in 
Dorchester County. Forbes (1942) found that male muskrats collectecl 
Fig. 11. .4 l i t te r  of ~ I ~ u s ~ < I . > I ~ : ,  it few tlagh old. 
from the Blackwater marshes during several years producecl spcrm in 
large numbers from the beginning of January until October. T h e  
females produce egg cells in  numbers from the latter part of Februa1.y 
until late October. One trapper indicated that there are three breeding 
seasons during the year, peaks of breeding occuring during -1plil to 
June, again in August, and a third in December. 
The  number of young muskrats per litter is also not well kno~vi~ .  
Smith (1938) records that 27 litters of muskrats born in pens in 
Dorchester County averaged three young per litter. Embryos froin 
10 muskrats trapped in Dorchester County averaged four and four- 
tenths per female. According to Smith, a marsh owner in Dorchester 
County found an average of five young in 25 muskrat houses, opened 
on May 15. 
The  number of embryos in 95 pregnant muskrats taken in nor-  
chester County during January, February, and the first half of March 
of 1950 and 1951 averaged three and nine2tenths per female. There 
is a significant increase in the average number of embryos per female 
from January to Marfcll. Such an increase in litter si7e from early 
in a breeding season to its height is known to occur among many 
mammals. These (data, together with data cited, indicate that usually 
all average of four to five young per litter my be expected of muskrats 
in Maryland. 
TABLE V 
AVERAGE NUMBER OF EMBRYOS PER PREGNANT ~ U S K R A T  TAKEN 
DURING THE TRAPPING SEASONS O F  1950 AND 1951 IN 
DORCHESTER COUNTY, MARYLAND 
~Vumber o f  Average Nu~?zbeje o f  
Month Females Embryos peye Female 
January 14 3.1 
February 3 7 3.8 
March 44 4.3 
T h e  present investigation has supplied no field data on  the 
numbe'r of litters produced in a year. Most trappers report that thlree 
litters per year are born, but only two per year were produced by 
calptive animals in la stuldy by Smith (1938) . 
3'he place where the unborn muskrat is attached by the placenta 
to an internal sex organ of the female, the uterus, is marked, after the 
birth of the young, by a dark spot of pigment. These spots, called 
placental scars, can be seen on the intearnal sex organ of the female 
muskrat. Each placental scar indicates that a young muskrat began 
to develop in the female. Placental scars give an estimate of the extent 
of breeding that has occurred. Although no experimental evidence 
has been reported, the general opinion seems to be that placental 
scars are visible on muskrats during the winter following the breeding 
season when they were formed. Apparently they fzde away gradually, 
but some may last for longer thlan a year. 
The  reproductive tracts of 921 female muskrats were taken from 
the Gore (Fig. 1, "G") and Kobbins inars'hes, (Fig. I, "R" indicatcs 
a portion of  Robbins marshes) during the trapping season of 1950. 
During the season of 1951, 1709 reproductive tracts were obtained from 
the Gore, Robbins, and Blackwater marshes. These reproductive tracts 
were examined for the presence of reproductive scars from which data 
are given in Table VI. 
The female (muskrats from which the data were obtained, were 
grouped by weight, each weight class including about three and one- 
half ounces. I t  is noted that in most of the weight classes from com- 
payable areas, more females had reproductive scars in 1951 than in 
1950. This indicates that more female muskrats produced young 
during the summer of 1950 than during the summer of 1949. 
TABLE VI 
PRESENCE OF PLACENTAL SCARS IN MUSKRATS TAKEN FROM 
JANUARY 1 TO MARCH 15 IN DORCHESTER COUNTY, MARYLAND. 
COMPARABLE AREAS ALL AREAS 
A pprox. 1950 1951 1951 
-Widpoint of Total % with Total % with Total % with 
WeightClass Females Scars Females Sears Females Scars 
1 lb. 10% oz. 6 3 6 9 1 1 160 2 
1 14 71 3 94 6 175 6 
2 1 %  1711 15 187 18 312 21 
2 5 180 32 152 41 804 50 
2 8% 184 56 169 68 303 73 
2 12 77 7 1 75 9 2 168 9 3 
2 15% 69 91 6 5 100 113 99 
3 3 26 96 14  100 26 9 6 
3 6% 5 100 1 100 4 100 
3 10 0 -.a. ..... 1 100 2 100 
3 13% 1 0 1 100 1 100 
All of the reproductive tracts obtained in 1950 and those obtained from 
the Robbins marsh in 1951, were preserved in Bouin's solution, and the 
placental scars were studied from $he preserved tracts. The study of 442 
reprioductive tracts in 1951 w,hile fresh and again after preservation, revealed 
that  preservation obscured some of the scars. The figures fo,r preserved 
-tracts have been corrected by weight class according t o  the percentage loss 
of female tracts with scars in the series of 442 tracts after preeervatilon. 
The  increase in breeding during the summer of 1950 as compared 
with the summer of 1949 again is shown by the percentage of adult 
females with placental scars (Table VII) . T h e  females were separated 
into adultts and young according to the development of their reproduc- 
tive tracts. The  data in Table VII show a significant increase in the 
number of estimated adult female muskisats that reproduced during 
the summer of 1950 as compared with those that yeproduced during 
1949. According to the data, there was no unusual number of female 
muskrats that failed to 'breed in 1950. 
TABLE VIP 
PROPORTION O F  ADULT FEMALE MUSKRATS WITH PLACENTAE SCABS 
FROM DORCHESTER COUNTY, MARYLAND. 
1950 1951 
Total Total 
Adz& % with Adult % with 
Females Scars (Females Scars 
Gore Marsh 161 81.4 193 94.8 
Robbins Marsh 240 87.5 196 95.9 
Blackwater 420 93.3 
The  number of scars per female muskrat also gives some indication 
as to the extent of reproduction. Since the reproductive tracts some- 
times contained much blood in their walls, it was not possible to 
count scars on all the tracts. T h e  average number of scars pe'r female 
(Table VIII) were counted on Ireproductive tracts which afford- 
ed good scar counts. T h e  Gore marsh shows a significant increase in 
the average number of scars per female uterus from 1950 to 1951. 
TABLE VIII  
AVERAGE NUMBER OF PLACENTAL SCARS PER MUSKRAT UTERUS IN 
DORCHESTER COUNTY, MARYLAND. 
1950 1951 
Average Average 
Total Per Total Per 
Fenzales Female Females Fentale 
Gore Marsh 48 7.7 161 10.2 
Robbins Marsh 7 4 8.2 95 8.7 
Blackwater . . . . ... *..... 281 9.8 
All Marshes 122 8.0 537 9.7 
Tihe average for the number of scars per preserved reproductive tract  was 
eorrecked on the basis of the difference betiween the laver'age number sf 
scars found in 143 reproductive tracts counted when fresh and again aftelr 
preservation. 
If our evidence of four to five young per litter, and the suggestion 
of three litters per year are correct, we might expect an average of 12 
to 15 scars per female muskrat. The  average of approximately 10 
scars per feinale froin the Gore and Blackwater Refuge marshes is 
lower than that expected, an'd would suggest an average of only two 
litters per year. I t  is also possible that t'he lower than expected nunlber 
of scars might be due to an average litter size smaller than four or  five 
young, or to a loss of scan during trapping season. 
I t  is well known 'that when a female muskrat produccs young, 
either she repairs her house and keeps it in repair, or  she builds a new 
house. Thus the selection of houses which contain litters of young 
muskralts is not entirely 'a random procedure. Smith (1938) reports 
I a marsh owner of Dorchester County finding 25 litters in one day 
during May. In Louisiana, O'Neil (1949) found young in 31% of 242 
houses opened throughout the year. 
As indicated by l'able IX, attempts to find litlters in  houses on 
the Blackwater mars11 gave poor results. Litters (Fig. 11) were found 
in 12.5% of the repaired houses, or in 7.1 % of all the houses opened. 
This is a low percentage as cornpared with the examples cited above. 
With one exception, all of the litters examined were estimated to be 
little over a week old. T h e  nunlber of young in 22 litters found in 
muskrat houses averaged ,two and four- tenths per litter, with four 
young, the greatest number, occurring three times. This is a low 
number compared with the average number of embryos of four or 
five given above. Some of the young in these litters may have fallen 
down the plunge hole or may have been dragged down by the molther. 
Attempts to recover such young were made as often as practical. T h e  
low number per litter may not be completely (due to a high death rate 
anlong embryos and nestling muskrats. 
TABLE IX 
NUMBERS OF MUSKRAT LITTERS FOUND I N  HOUSES O N  THE 
BLACKWATER EFUGE 
Totcil Houses N?jmber. % of Total 
Houses Freshly Litters Houses with 
Opened Repaired Found Litters 
April, 1951 135 47 4 3 .O 
May, 1951 49 17 3 6-1 
June, 1950-51 83 74 6 7.2 
August, 1951 10 10 1 10.0 
Sept., 1950 2 0 7 35.0 
- 
2 0 
- - -
Totals : 297 168 21  7.1 
All the data presented on reproduction indicate that on the marshes 
of Dorchester County, the extent of reproduction is somewhat less than 
that expected for the Virginia muskrat in Maryland. It also indicates 
that reproduction during 1950 was somewhat !greater than tha't during 
1949. Apparently, as a result, more muskrats were caught in 1951 than 
in 1950. 
SEX AND AGE RATIOS OF THE 
MUSKRAT POPULATION 
0 1  the 6,465 muskrats taken during the trapping seasons, January 
1 to March 15, of 1950 and 195 1 in  Dorchester Coulaty, 518% were males. 
In ithe five trapped populations during the two years (Robbins, Gore 
and Blackwater marshes), the proportion of males varied from 52.1 "/. 
to 64.0%. These dalta are within the ralnge of sex ratimos reported for 
common muskrats takcn during trapping seasons froin a number of 
states (Petrides, 1950). The  sex ratio of muskrats ,taken in Dorches- 
ter County does not indicalte an unbalanced ratio of male a;nd female 
muskrats. 
'l'he age ratio, the proportion of young of the previous season to 
older a'dults, gives an insight into the state of the population. Genei-al- 
ly speaking, unless there is high mortality of adults, an increasing 
population contains a higher proportion of the younger age groups 
than a stationary or a decreasing population. According to Errington 
(1940) , a low breeding 'density of muskrats results in high productivity 
per muskrat. By lowering the population and making room for more 
rnubkr-ats, trapping will produce the struc~tui-e of an increasing 
population. 
Female muskrats taken in Doi-chester County during the 1950 and 
the 1951 trapping seasons were separated into adult and young age 
groups according to the development of their reproductive tracts. 
Methods in use for aging 'inale muskrats in this manner were not 
successful in this region. Descriptions of the reproductive tracts 
(uteri) of young and adult female muskrats have been given by 
Errington (1939) . Uteri of adult females are enlarged and the walls 
are thickened and contain remnants of groups of b lwd vessels. Uteri 
of young females are small, not thickened, and show no remnants of 
blood vessels. 
The figures in Table X show a low proportion of young muskrats 
in populations trapped in Dorchester County. Proportions recorded 
by Petrides (1950) for the commoln muskrat vary from 65% to 88% 
young in the trapped populations from a number of states. The  effect 
of itrapping on the age ratio of a muskrat population may be seen in 
Table X. The  age ratio of the Blackwater population, which had 
not been trapped for two years, shows a significan'tly lower proportioia 
of young than the two trapped (Gore and Robbins) marshes for the 
same year. These data indicate'd a lower trapping pressure on Mary- 
land marshes than is usually reported for the common muskrat on in- 
land marshes and streams, because "harder" tra'pping would leave rooin 
for more young muskrats in the population. In comparison with the 
common muskrat, the local form is a more wary animal and lives in a 
much more extensive habitat with less opportunity to build bank 
burrows. For these reasons, it is possible that a hi,gh proportion of the 
population is not usually trappeld on tidal marshes in Maryland. 
TABLE X 
AGE RATIOS OF FEMALE MUSKRAT POPULATIONS TRAPPED IN EORCHESTER 
COUNTY, MARYLAND. 
Estimated Total 
Total % Young Young per 
Females Females* Adult Females 
Gore Marsh, 1950 346 50.6 2.2 
Gore Marsh, 1951 442 56.3 2.7 
Robbins Marsh, 1950 582 54.5 3.0 
Robbins Marsh, 1951 487 59.1 4.0 
Blackwater, 1951 796 47.2 2.0 
" Number of young males estimated from percent of young females and 
from sex ratio. 
The low age ratios indicated in Table X are not wholly due to low 
trapping pressure. They also suggest that mortality other than 
trapping may be proportionally high for young muskrats in Dorchester 
County. The (total number of young per adult female was calculated 
from the age ratios (Table X) . For the Gore marsh in 1951, the 
population contained approximately three young per adult female. 
Table VIII shows that breeding females taken in 1951 from the Gore 
marsh had an average of 10 placental scars each. The difference 
between the 10 possible young per female, produced in the breeding 
season of 1950, and the actual number of three per female in the trapped 
population of 1951, indicates a mortality of seven young muskrats per 
adult, breeding female. This mortality is from all causes, including 
mortality of younlg before birth as well as after birth. 
WEIGHTS OF MUSKRATS 
All the muskrats handled, during the 1950 and 1951 trapping 
seasons, were weighed, usually on the day they were caught. Those 
damaged by mice, vultures, raccoons, or other animals were not 
included. The average ureigh'ts of muskrats obtained in this study 
are recorded iln Table XI. 
TABLE XI 
AVERAGE WEIGHTS OF MALE AND FEMALE MUSKRATS 
Total -4 verage Total Average 
Males Weight BemaEes Weight 
Gore Marsh, 1950 406 2 Ib. 8.2 oz. 350 2 1b. 5.7'02. 
Gore Ma;;;sh, 1951 491 2 5.7 449 2 3.6 
Robbins 1951 878 2 6.5 494 2 3.5 
Rsbbins " 1950 789 2 5.8 501 2 2.8 
Blackwater, 1951 984 2 5.9 '790 2 3.2 
The average weight of 13,421 males taken from 1941 to 1945 on 
the Blackwater Refuge was two pounds and four and three-tenths 
ounces, and of 10,090 females, was two pounds and one and nine-tenths 
oulnces (Dozier et al, 1948). These weighits were taken durinlg the 
drop in muskrat abundance. The average weights for both male and 
female muskrats taken on the refuge in 1951 are somewhat higher 
than those reported by Dozier. This may be 'due to an increased 
number of older and larger muskrats on the marsh as a result of not 
trapping for two yeam, or it: may be due to increased food available 
to the muskrats because of the lower population. Dozier" (lot eit) 
figures do not show a definite )trend toward increased average weights 
during the period, but the weights for 1944 and 1945 were higher than 
those for 1941 to 1943. 
Tlle average weights in this study support the contention of 
Dozier et a1 (1948) that male muskrats in Dorchester County weigh 
significantly more than female muskrats. 
RELATIONSHIPS OF MUSKRATS 
WITH RACCOONS AND FOXES 
Obsei-vations that 'raccoons commonly travel the inarshes and tear 
into muskrat houses are responsible for the opinion that they have 
caused the decrease in abundance of muskrats. Many trappers point 
out that (the decrease in muskrats has been accompalnied by an increase 
in raccoons. Other trappers feel that raccoons have always been 
present and coul'd hardly be a major factor in the muskrat decline. 
Nevertheless, it seems well establishd that raccoons have increased 
in nunibers d u ~ i n g  recent years. 
During the winter and spring of 1950 and 1951, many areas on 
the Blackwater Refuge were surveyed to determine the extent of 
raccoon damage to muskra't houses (Figs. 12, 13 and 14) . Table XI1 
gives. by months, the total number of muskrat structures observed ant1 
the proportion of these that were disturbed. 
TABLE 
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Fig. 12 Muskrat house showing a number of small holes presumably 
made by raccoons. 
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Fig. 13. Muskra t  llouse from which a raccoon w a s  captured.  
Fig. 14. A res t in r  c h a i ~ i l ) e ~ .  was  nlade by a raccoon in th is  n ~ n s k r a t  house. 
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Disturbance occurred to 55". of the structures countcd in 19.50 
ant1 to 46% of thc structures countecl in  1951. An almost continuoas 
inrreasc in the pcrccntagc of dist~rrbed structures is shown from winter 
to spring, especially for the 1951 figures. This increase parallels the 
espectetl incrcasc in the birth of young as thc main breeding season 
is approached. 
Some esanlples rveys are .ing -4pri1, 193 I ,  
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I 
vul 
Fig-. 15 
tures  son 
of the su 
, - 
Muskrat \ k ~ n  on a house In the mar\h.  Both raccol 
ietimes leave the  skin inside-out a f t e r  feeding on mus 
; early M 
. Most 
:rats arc r 
ay, 1951. 
of the f 
3Cten fou 
, a searck 
'ew snlal 
nd, Bad 1 
Ins and 
krals. 
I was made for litters on another 
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leen broken into by raccoons. 
Two study areas were selected on the Blackwater Refuge (Fig. 1, 
"1" ant1 "2") ,to follow closely muskrat activities. The  records from 
thcsc study areas permit some estimation of the effect on muskrats 
caused by raccoon disturbance to muskrat houses. Table XI11 sum- 
marizes the disturba~nce t o  muskrat houses on the study areas. 
TABLE XI11 
Average 
Study Total Peree?zt Disturbance 
Area Dates Structures Distztrbed Per Stmtctq~re 
No. 1 Dec.-Aug, '49 90 76 2.0 
No. 2 Dec.-Aug, '49 64 56 1.7 
No. 1 "Nov.-May,'50 5 5 75 3.0 
No. 2 Dec.-May, '50 61 69 1.7 
* Trappod for  muskrats during t rapping season. 
T h e  longer period of observation and the chance to lecord 
repeated disturbances accounts for the greater proportion of disturbed 
houses on the study areas than on the other areas surveyed. Trappers 
believe that constant human activity on the marshes will drive the 
raccoons away from the affected sections of the marsh. This seem5 
to be true since very little damage occurred on No.2 study area (Unit9) , 
while the marsh was traversed daily by a muskrat trapper during the 
1951 season. Less frequent visits seem to have less effect on raccoon 
activity. Visits were made to No. 1 study area (Unit 3) about every 
two weeks during 1950, and about every week during 1931, without 
greatly changing the amount of raccoon disturbance. 
Raccoon activity on the study areas seemed to be periodic. On 
some occasions only a few houses would be opened by the raccoons, 
but on other visits i t  appeared that the raccoon had gone from house 
to house. The  evidence from the signs indicated that the disturbances 
on an area were caused b! one or, at  most, a few raccoons which covered 
thc area periodically in search of food. 
Table XIV suggests some aspects of raccoon disturbance to musk- 
rat houses. T h e  data in the table should be considered with caution, 
since a muskrat house cannot always be judged as "occupied" or  "un- 
occupied" by muskrats at each visit. However, the data will givc a 
rough estimation of the effect on muskrats of raccoon disturbance to 
muskrat houses. Raccoons will break into "occupied" muskrat houses 
mole often than into "unoccupied" houses. During a two week period 
when No. 2 study area was not visited after the trapping season, 
raccoons disturbed 78% of the "occupied" houses but only 12% of the 
"unoccupied" houses. A ]louse that is broken into once or more will be 
deserted by the muskrat somewhat less than half the time. The  un- 
known here is the amount of shifting about from house to house the 
disturbances might cause. I t  is apparent that raccoon disturbance to 
muskrat llouses must upset the muskrats at least to some extent, and 
may hake some effect on the population by lowering muskrat repro- 
duction. 
TABLE XIV 
Relation of Disturbances 
( t o  Occzcpation o f  House) 
Per cent i n  
Total Occupied 
Disturbanlces Houses 
No. 1 1950 139 68 
No. 2 1950 6 1 5 4 
No. 1 1951 123 7 5 
No. 2 1951 71 '7 6 
Relation of Desertion 
( t o  Disturbance) 
Total Per cent o f  
Occupied Houses 
Houses Deserted 
44 55 
19 42 
43 3 3 
3 5 46 
Predation involves another relationship between muskrats and 
raccoons alnd foxes. The  food habits of raccoons have been studied 
by the analysis of raccoon droppings and stomachs. Of 219 stomachs 
secured largely by trapping from July, 1949 !to June, 1951, 150 con- 
tained food. Fig. 16 records the food items found in these stomachs. 
Ealch item of food found in a stlomach is reco~lded as one occurrence, 
and the proportion of the 150 stomachs containing an item is recorded 
as the per cent orf occurrence of that item. Certain of the fwd  items 
found as remains in 551 raccoon droppings colleclted on the marsh are 
shown by the same method in Fig. 17. Droppings containing no hair 
or bone were ro'ughly analyzed in the field, hence some food items 
and ltraces were not recorded and a comlplete analysis of the droppings 
calnnot be given. 
The  difference between the occurrences of muskrat in the sto'maehs 
(Filg. 16) and in the droppings (Fig. 17) is noted at once. The low 
oceurr'ence of muskrat in the raccoon stmachs may be explained, at 
least partly, by the source of the raccoons. A large share of them was 
brough't in for special bounty. Fish and crabs occur less frequently 
and cor~n more frequently in the stomachs than in the droppings that 
were collected on the marsh. This would indicate that the raccouns 
from which stomachs were o'btained, came from areas close to farms 
and fields. Even though close to marshes, their f w d  habits would 
reflect more of an upland diet. Also, raccoons are far more easily 
trapped along the edge of the marsh than in the marsh, and, thus, are 
caught approaching as well as leaving the marsh. Trapped animals are 
not a .good source of specimens for food habits study. Unless the traps 
are promptly attended, the trapped animal may lose the contents of 
its stomach. There is a tendency for trapped animals to ingest all 
sorts of dire and debris in theilr attempts to get out of the trap. 
Trappers frequently ask why the raccoon is found on the marsh if 
it is not preying on muskrats. Figs. 16 and 17 record items, other than 
muskrats, that are found on the marsh which form a substantial and 
probably attractive part of the raccoons diet. Crabs and fish are 
presumably easily takein by the raccoon in small pmls where they can 
be found after the tide goes down. Other foods, such as snakes, turtles, 
fmgs, birds, and insects also occur in the marsh. 
FOOD ITEM PERCENT OF DROPPINGS CBMTAINING FOOD ITEM 
F ISH 
SMALL MAMMALS 
VEGETATION ANQ FRUIT 
ACORNS 
CRUSTACEANS ICRII-SB 
MUSKRATS 
BIRDS 
CORN 
!4 10 PO 30 40 SO 
Fig. 16. Percent of socurrenee of food items in 150 sitomzcks of raccoons 
talken 1949 ta 1951, mostly from Borcheater County, MarySCand. 
FOOD ITEM PE~CENT OF DROPPINGS CONTAINING FOOD ITEM. 
INSECTS AND SPIDERS 
CORN 
MlCE AND SHREWS 
BIRDS 
VEGETATION AND FRUIT 
ACORNS 
F15H 
UNDETERMINED 
CRUSTACEANS rCRAt36) 
FROGS. TURTLES. SNAKES 
MUSKRATS 
QTHEW MAMMALS 
OTHER IYVERTEBRATEL 
Yo 1 0  a0 SO 40 SO 
Fig. 417. Peseent of occurrence of ce~tain food items in 551 raccoon 
dr~oppings esl%e&ed, 1949 iko 1951, mostly from the marslhes of the Blackwater 
National Wi%dife Refuge, Dmchester Connky, Maryland. 
Small mainmals form a food item of the raccoon that is closely 
linked with tlie muskrat. Both meadow mice (hficrotz~s pennsylunni- 
cus) and rice rats (Oryzomys pakustris) live in "occupied" and "un- 
occupied" muskrat houses, meadow mice being the more abundant 
species. Seventy-one different muskrat structures were trapped for 
periods of a few days during January, March, and June of 1950. Mice 
of both species were caught at 48% of these structures. Mice a.re readily 
taken by raccoons (Fig. 16 and 17), #an,d may account for mluch of the 
latters (disturbance in both "occupied" and "unoccupied" muskrat 
houses. 
The  150 raccoon stomachs were taken during the yeaT as follows: 
31 in January, 40 in Febiruary, 8 in March, 16 in April, 11  in May, 
2 in June, 6 in July, 9 in August, 8 in September, 8 in November, 
15 in December, and 26 during the winter. Two of the raccoons tvlth 
muskrats in their stomachs were caught ~dluring the muskrat trapping 
season, and could have taken the muskrats from sr,aps. The  other 
three oecuri-ences of muskrats in raccoon stomachs represent predation 
or feeding on carcasses since two of the raccoons were taken in April 
and one in November. It  is e~tima~ted (because the droppings cannot 
be accurately dated) that 29% of Ithe 106 choppings containing muskrat 
remains could have represented scavelnlging on trapped muskrats. 
It  was sometimes ,possible to estimate the size of (the muskrat eaten 
from the remains in the 'droppings. Of % 17 individual muskrats repre- 
sented in the 106 droppings, 44% were half-grown ol- smaller. 
T h e  extent of predation on  muskrats indicated by the presen~t 
analysis of raccoon food habits has an effect on the numbers of musk- 
rats. The  problem is - how much effect? Is the effect so great that it 
accounts for almost all of the young muskrats born? The  marsh is 
able <to provide living conditiolns for a certain number of muskrats. If 
inore muskrats are produced than the marsh can support, the excess will 
die in some manner, or will leave the marsh. Predators may feed only 
on the excess muskrats which woulld be loslt to the trapper anyway. 
Thus, one muskrat saved from a predator does not necessarily mean 
one more muskrat for the trapper. T o  determine how greatly raccoon 
predation effects the muskrat population, we 'must know how man): 
muskrats and how many raccoons are present on a marsh, An adequa'te 
estimate of the numbers of raccoons and muskrats fior this purpose 
wculd not be a short, easy task. Yet it is necessary definitely to learn 
the effect of raccoon predation on the muskrat population. A detailed 
knowledge of raccoons' habi'ts will greatly aid in evaluating their 
1-elationships with musk-rats. 
The  analysis o f  red fox (Vulpes fulvn) stomachs and of fox 
dro~ppings indicalte a higher degree of predation on muskrats than in 
the case of Taccoons. In  a total of 17 red fox stomachs taken from 
July, 1949 'to Ap~i l ,  1951, 40 or 58.8% contained muskrat remains. One 
fox containing muskrat was taken in July, and (nine were taken in 
?.lay. The 17 foxes ihcluded six adults and 1 1  young of the year. 
Muskrat remains were found in 51.9% of 106 fox droppings collect- 
ed during the period of the investigatioln. In addition, 26 fox drop- 
pings were collected at one time from Bull Point "Islarid" (Fig.]) in 
the Blackwater marsh. An estimated 73% of these droppings contained 
muskrat remains, which composed by hulk 82% of the droppings. The  
remains in the fox stomachs and droppings were almost entirely 
those of. adulit-sized muskrats. The  percentages found in this study 
are somewhat higher than those found by Heit (1944) in the same 
region. Thirty-nine percent of 95 red fox droppings that he collectecl 
from March through August, 1939, contained mnluskrat. 
Although red fox is indicated as a serious predator of muskrats, 
again we cannot estimate the total effect of <this predation on the 
muskrat population unless the p~pula~tions of the nlammals iilvolved 
are known. 
b r i n g  the period of this study, 141 barn owl (Tyto nlha) pellets 
were examined and one was found to contain muskrat remains. Of 79 
pellets, believed to be those of the marsh hawk (Circus cyaneus) ,  
only one contained muskrat fur. This pellet tvas taken in a itrapped 
marsh soon afiter trapping season and probably represented scavenging 
on a trapped muskrat. 
MUSKRAT HABITAT 
WEATHER 
Climatographs were drawn for each year from 1933 to 1950 by 
plotting the monthly average temperature against the mon.thly total 
rainfal'l for the Cambridge, klaryland region. No trend or consistent 
variations correspo~~ding to the changes in the muskrat population 
could be seen from the cIim a tographs. 
WATER LEVELS 
As a part of the ,planned long-term study of muskrats, 24 water 
depth stations were established on the Blackwater marshes. Water 
depths have been recorded almost weekly from Ileceinbe~, 1949 to 
June, 1951. These records wouid have value if continued over a long 
perio'd of time. 
The  water level of the Little Blackwater River at refuge head- 
quarters has been taken weekly from 1940 to 1942, and daily s i n ~ e  
1943. These re~ords have been graphed, but they show no significant 
trend in water level fluct~a~tions during that period. 
SALINITY 
Water samples were taken from the water depth stations on the 
marsh from April, 1950 'to June, 1951. Again, 'these records have their 
greatest value over a long period of years. 
An objective analysis of salinity reco~ds suggest the po~sibility 
that salinity of the water in the marsh may Toe greater in recent years 
ehan earlier. Past records of salinity cover ,too, brief a) period to indicate 
more than a possibility. 
VEGETATIONAL CHANGES 
Ten permanent quadrats and transec,ts and three long transects 
(Figs. 1, T I ,  T2, and T3) , were established on the Blackwater marshes. 
The quadrats and ltransects will be used for a long term study of 
vegetational changes. 
Dozier, H~otchkiss, and others establilshed 12 permanent quadrats 
on the Blackwater Refuge, in 1938. Preliminary notes on the plants 
of these quadrats yere made by Mr. Hotchkiss in 1938, and he kindly 
made them available for the present study. The  quadrats were 
surveyed during the summer of 1950, and show no great change over 
the period of years. 
Coinparison of aerial photographs show that non-vegetated areas 
have increased in extent on the Blackwater Refuge largely between 
193,8 and 1945. This change was measured by placing a transparent 
gri,d over ,the photographs for 1938 and 1949 an'd counting separately 
the dots that touched vegetated areas and non-vegetateld areas. Table 
XV gives the ~esults of these measurements. 
TABLE XV 
~ O M P A R I S ~ N  OF PROPORTION F VEGETATED AREAS AS ESTIMATED FROM 
1938 AND 1949 AERIAL PHOTOGRAPHS. 
Aproxinzate % o f  a r e a  v e g e t a t e d  
A r e a  A c r e s  1938 1949 
Core Marsh 
West Nwy. #335 200 97.9 98.2 
East  Hwy. #335 7 0 65.7 57.6 
'&Units 3 and 4 300 65.9 56.2 
*Units 10 175 58.8 41.7 
*Un,its 15 200 67.2 53.6 
*Unit 9 110 92.4 81.0 
"Unit 13B 170 83.0 59.3 
Upper Lilttle Bla,ck- 
water River 75 91.8 76.8 
TOTAL 1300 72.6 62.3 
" Blackwater Refuge Trapping Unit Numbers. 
Although the extent of vegetated area on #the Blackwater Refuge 
has decreased, especially in the center of  the marsh, this fact alone might 
not account for the decrease in the muskrat population. The popula- 
tion decrease has been greater than <the decrease in vegetated arear 
would suggest. Many apparently good stands of three-square sedge, 
especially around the edges of the marshes, appear now to be relatively 
underpopulated with muskrats. However, other changes, not readily 
visible, may have accompanied 'the changes in extent of vegetated areas. 
These other changes may have affected the whole marsh, lowering its 
capacity to support a good muskrat population. Such a factor might 
be found in a gradually increasing tidal action brought about by ditch- 
ing for lnosquito control that was carried oust on the refuge in the 
1930's. One trapper claims that many areas have been opened 
in this manner and some of the original ditches have been enlarged 
by tidal action. In  ,this connection, it is interesting to note that the 
heights of tides in relation to land surface at Baltimore have increased 
about four inches between 1930 and 1947, according to Marmer (1948) . 
"Eat-outs" (Fig. 18) , caused by the excessive muskrat populations 
of 1938 and 1939 (Dozier et al, 1948) , contributed to the decreased 
extent of vegetated areas. The  McGraw Island, Deadwood, and Sunken 
Island marshes (Fig. I ) ,  extensively ,destroyed during the high popula- 
tion, have showed little evidence of "coming back" to their original 
condition. 
Fig. 18. Open stand of three-square sedge resulting from a local over 
population of muskrats. 
DISEASE 
There has been no evidence of epidemic disease among the 
muskrats of Dorchester County during the period of study, 1949 to 
1951. No sick animals have been found. The  muskrats examined 
during trapping s-easons appeared to be in good health, and only 
a few individuals were in a poor condition. Very few external para- 
sites were noted. 
DISCUSSION 
The muskrat pop~la~tions that existed on the Blackwater Refuge 
during 1938, 1939, and early 1940 were excessively high. Trappers 
state that one could "almost walk across the marshes on muskrat 
houses." One trapper, who lived in a shack on the marsh during 
trapping season, claimed that before breakfast he could kill a number 
of muskrats with a sltick in the vicinity of the shack. Other trappers 
mention that almost every trap would contain .a muskrat day after 
day. Trapping did not, and ,probably could nos,. reduce such a popula- 
tion to a safe level. Trappers remember the peak muskrat populations 
and high catches as a ldesirable situation again .to be attained. However, 
the high populations were neither desirable nor stable, and according 
to Dozier (1947), the $decline in mulskrat numbers was brought about 
by disease. The greatest catch during this peak po,pulation oa over 
7200 acres od the Blackwater Refuge yie1,ded five muskrats per acre. 
The  high ,muskrat population resulted in damage to the marsh, 
the more severe damage occurring as "eat-outs" on which vegetation 
has not yet grown back. "'Eat-outs" and possibly other factors, such 
as increased tidal action, have resulted in #decreased areas of vegetation 
on the Blackwater marshes. I t  is possible that aFeas not "eaten-out'' 
could Rave been damaged by high muskyat populations and ether 
causes lto an extent that they cannot now support good muskyat 
populationls. This could be true even though these areas, to human 
eyes, have the appearance of good muskrat marshes. Hence, even the 
better muskrat areas now existing may haw lost some of their ability 
to support high muskrat populations. 
The  decreased proportion of houses in the center of the marshe? 
bears out the suggestion of a greater deterioration of habitat there 
than around the edge. During the 1949-1950 season, muskrats occurrecl 
more commonly in the b e t t e ~  habitats around &the edges of the marsh. 
These edges support a better stand of three-square sedge, and the 
water levels are apt to be more stable and the water less saline. T h e  
evidence strongly suggests that decreased ability of the marsh to 
support muskrats is in part I-esponsible for the present low popula- 
tion. Studies by O'Neil (1949) %point ,out that in Louisiana low 
muskrat pop~la~tions are a result of previous overpopulation and 
under trappinlg. 
Data from the present investigation (does not permit a measure- 
ment of the effect of predation on the muskrat population. Evidence 
bearing on the problem is presented. Betwen nine and ten embryos per 
femaIe muskrat were produced 'during the breeding season of 1950. 
The  high proportions of adults in the trapped populations of 1951 
suggest a high mortality among the young muskrats. Relatively few 
litters of young muskrats were found in houses on the marshes. During 
periods of low tides, the marshes can be easily travelled b) predators, 
and predators, largely raccoons, disturb and damage a large number of 
muskrat houses. There has been no evidence that the raccoons are after 
dead muskrats in the houses. Raccoons often visit one house after 
another, paying more attention to the inhabited ones. Certainly 
if young muskrats are present in a house which has been opened, the 
raccoon will feed on then. Tearing into such a large proportion of 
linuses would cause a considerable disturbance to the muskrats, and 
might result in the suggested reduced breeding as well1 as in mortality 
to the young th~ough predation and perhaps desertion. All this 
evidence suggests that raccoons 'do have an effect on the muskrat 
population, mainly through young muskrats. The  amount of this effect 
is a problem which needs fuwher study. 
Raccoons are probably not responsible for the drop in the muskrat 
population. Raccoon lpredation alone is probably not severe enough 
to hol'd the population at a low level. However, predation on young 
muskrats during a low population, together with unfavorable habitat 
conditions, might prevent a rapid increase in the muskrat population. 
SUMMARY 
Studies of the local muskrat (Ondafra  zibetlzicu nzncrod3n) were 
made fro,m July, 1949 to June, 1951 on the ,marshes of Dorchester 
Coun'ty, Maryland, to learn something of the factors which affect their 
populations. These extensive marshes are brackish and are subjected 
to irregular tidal action. The vegetation of the marshes is largely 
dominated by the three-square sedge. 
During a peak population of 'muskrats in 1938, five or more musk- 
rats per acre were trapped over extensive areas of marshlarid. The  
muskrat population has decreased to a point that many marshes could 
not be trapped profitably since 1939. The  proportion of houses in 
the center of the marsh decreased 20% during the muskrat decline. 
The  drolp in the muskrat population was greater in the center of 
extensive marshes than around their edges next )to higher lancl. There 
is evideiice of a slight increase in the muskrat population during 1950. 
The  nulmber of embryos in 95 female muskrats taken during twt, 
trapping seasons, 1950 and 195 1, increased significantjy from 3.1 per 
female in January to 4.3 per female in the first half of March. This and 
previou5ly reported data suggest that an average of four to five young 
per flitter are born to a female muskrat in this region. The  reproduc- 
tive tracts of 1709 females trapped from three marshes during the 
season of 1951 were studied for placental scars. The proportions 
of adult female muskrajts on these marshes showing scars varied from 
93.3% to 95.970. The  average number of scars per female varied 
during 1950, these figures represent an increase in breeding during 
the summer of 1950 as compared with the summer of 1949. 
The breeding data collected in 1951 suggests an average of little 
more than two litters per year. Other possible explariations of the 
data may be-fewer than four or five per litter, or a disappearance of 
scars during the winter. 
Few litters were found in hous'es on the inarsh since only 21% 
occurred, or 7.1% of the 297 muskrat llouses opened. The  number of 
young in 22 litters averaged 2.4 per litter. 
The  proportion of males f o ~ ~ n d  in live populations trapped in 
1950 and 1951 varied from 52.1% to 64.0%. These pe*rcentages are with- 
in the range usual~ly reported for the muskrat. The  female muskrats 
trappcd in the five populations were divided into young and adults by 
noting the de~elopmen~t of the uterus. The  proportion of young in 
populations, ranging fro111 346 to 796 females, varied fi-om 47.2% to 
59.1%. The  figures indicate a low prolportion of young muskrats in 
the population anlcl, together with  the number of scars, suggest a high 
mortality of young. 
The  average weights of the five populations of muskrats are given. 
The  weights of ,male and female ~nusk~rats on the Blackwater Refuge 
were significantly higher in 1951 than during the pcroird 1941 to 1945. 
This could be due to (1) increased numbers ol  lar'ger and older 
muskrats becausc the ( r e f ~ ~ g e  was not trapped during the two previous 
years, and (2) increased food per muskrat (due to lower muskrat popu- 
lations. The  weights of female muskrats were significantly lower than 
those of male mushrats by two to ethrce ounces. 
During the winter and spring of 1950 and 1951, fifty per cent of 
1892 muskrat structures were disturbed by predators, largely raccoons, 
at the time of survey. Studies of marked houses indicate that some 
muskrat houses may be ldamagcd several times. Approximately 75% 
of the houses disturbed were "occ~pie~d" by muskrats and solmewhat 
under half were ,deserted after one or inore disturbances by raccoons. 
Raccoons seen1 to appca-r on the marsh periodically anld one raccoon 
travels a large area. 
Muskrat remains occurred in 19.27, of 150 raccoons stom- 
achs taken during the study. From comparison with droppings it is be- 
lieved that the stomachs represent Inore of an upland than a marsh diet. 
Muskrat remains occurred in 37; of 551 raccoon droppings collected 
on the marsh. Small mammals of the marsh, fish and crabs were 
present in thc diet of the raccoon in equal or greater frequency than 
muskrat. Muskrat remains were found in 59% of 17 red foxes stomachs, 
and in 56% of 132 fox droppings. 
The  species and relative abundance of plants have changed little 
oil 12 plots established on the Blackwater National Wildlife Refuge 
in 1938. There has been some increase in the extent of patches of 
three-square sedge during the last two years in ,the more saline marshes. 
Aerial photographs of the Blackwater Refuge show a decrease in 
the area of vegetated marsh mainly between 1938 and 1945. This 
decrease varied from 0% to 24% of representative areas measured on 
1938 and 1949 aerial photographs. Damage to the marsh by the 
previously high muskrat population accounts for at least part of the 
decrease in vegetated areas. Other factors may also be invol~ed. 
Evidence from an analysis oi the muskrat population, fro111 the 
disturbance of muskrat houses, and from the study of food habits 
indicate that raccoons and foxes affect the muskrat population. The  
extent 01 this on the muskrat abundance was not measured in 
the short time allotted for the s,tudy. The combination of predation 
and a reduced capacity of the marsh (to support muskrats may prevent 
a rapid increase in the muskrat population. 
The present study has not solved the #problem of the m~iskrat 
decline. It has pointed out the complexity of muskrat populations 
and has formed a working basis for future study. Problems involved 
in muskrat investilgations in this region have been discussed. They 
are: (1) A long time is required to study adequately the muskrat; 
(2) More than one person is needed lor the studies; (3) Supporting 
studies from nearby states are few; and (4) M o ~ e  techniques must be 
develolped for the study of the muskrat. The  report indicates that 
future studies of the msukrat should develop practical telchniques to 
measure the effect oE predators on the numbers of muskrats and on 
changes in the marsh which may effect the muskrats. 
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